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(54) DIAMOND ELECTRONIC ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a diamond 
electronic element which an substantially raise the 
luminous intensity by enhancing the injection efficiency of 
electrons. 

SOLUTION: A first diamond layer 1 and a second luminous 
diamond layer 2 are joined with each other. Moreover, this 
element is provided with a first electrode 3 so as to catch 
the second diamond layer 2 and the first diamond layer 1. 
Likewise, this is provided with a second electrode 4 for 
catching the first diamond layer 1 and the second diamond 
layer 2. Then, the vicinity of the surface for contacting 
with the first electrode 3 of the first diamond layer 1 is 
hydrogenated, and a hydrogenated region 1 a is made. What 
is more, the first diamond layer 1 is composed of, for 
example, an undoped diamond, and the second diamond 
layer 2 is doped with, for example, boron (B), and the 
second diamond layer 2 is a p-type semiconductor. 
Therefore, the resistance of the first diamond layer 1 is 
mode higher than that of the second luminous diamond 
layer 2. 
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^r&y miz&%zm%t%% 2 <o?<{*e*v hi 
logsaMiB^ 2 y vrnmrnz k> fes 

< , fufEfl l FlcDMfBH 1 (DWMtm 

lio^V^>F«t, cohkd* io 
^ + ^> Fits^nistt-f as 2 <o*y y fa 
c off 2 co^^y Fits^snfcsisttSS 

fc, tOIBIS 1 Fl&tffltEW*ttSSK* 
4fStSSiRtfS20«Si:, 4fU ffifB§n<D#' 

«fc 0 fcffi < , MfBIg l tDMVty KloffiSBH l o* 

^zctzmttz^vzyYnmTa 

y^^t>Ffr64b, iW3S2 0^"V*yHltt 20 

t*p y# F-e>y$n/c p mmwvjwy f^s 
c t^ittirsiiWJS i Xfi 2 jctEiWV-v^ 
y Ft?*?. 

[ffl#9U] fufBlg2cD?V^y FJftfettS^D 
>JS?»Sfi, 1 x 1 0 a ' cm" fiU:Tf**Cfc*Wt 

Y-^y Flfc«£SftfStt* 331 2 o^V-V^y Fl 
i:, <:©Sl2 0^^€yF»fc«£Sn;fc8S3 0^ 
ttvKli:, MIB^l&y^3 0^Vt€yFWc^ 30 
48rrs3iiatf8i2<DWIfc, fc*ru Miami 
-f+ty FlwfiStttMIH^ 3 ©^V-V^y F»©ffiia 
J; 5 t|f < > fM l <W+*y FSOfufSH i 0* 

^ § c i: i: 1 5 ^ y F*?^?o 
0**516] HKD^V^yFJl^ cosio^ 

^tty FSKS^stiSStt-f sss 2 o^nv F« 
i:, i:©^2©^V^ ; &yFltcS^n/c^3cD^V 

srauss fc , Suia® i <d m y vmmmmn 40 
m 1 wr*> vmmmmw 3 

F*©ffi£UDfcS5<> «rtESlO^^>KlOW 
IBM 1 ®*ffi i:8*5£E©'>& < t &-35©fi»J< 

CW*«7] MfBIg 1 o^-vty K»tt, 7y F— 
7°^v y Ffr 6 * 0 , imb% 3 © *y y fi a 
#0 ytf K-nv^Sftfc pS*mM*#Y+*y KfrS 

4§l tfS^W 5Xfi 6 ttE«©£V^t 50 
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y k*t*?. 

ll« 8 ] MfBI? 2 qM^y FBKttfWti 

mm 1 7iM7 ©v>-rn^ 1 JStciBf^v^y f 

[MSB 9] ffiIB**{btt, 7j<*7°7XvS!iatJ;D 
fib ftfc fc <0T* 5 c i: fcfta 1 1 5 1 71S 8 o 
ivf ftfr 1 MB«©?V-^y Fit?*?. 

[^©iftNfl&M 

[0001] 

h^^ymm^icmtZo 
[0002] 

immm ^^ymmmmmn, mtz 

5 . 5 e V fc±£ < , fflttttfiffftlfitttSSt*^ 
ftl^F-ey^-rSCfctcfcD^WfcT't, ^«ER« 

mEEmma f u 7 Fiijs*^t < , mmm^t^t 

6 V 94ttV KttiSift • 1)1$ • lS!Sfflo«?r^ 
•YX'-by-tJ-^tbTffi^jnTV^o Sfc, /ryF 

KWlSI- 5 Jt-fe y ^Rt>miS?^©JSffl fe &fc 5 tlT 

[0003] wmmm>vmmxmt lt«, e 

SaiEi!¥»ftWpnS!^K:«fc5%Jt^Ji— F (LE 
D) fcW-fiKfiJESftTVStf, ^©fl^SSSS 

(cffla-r§o WAlif, S i TttftttJk G a A sTI4# 
m InPTttSfe)t, GaNTfitfe)tSt?HSS$ 

^5. 4 7 e VT*$ft2 2 5 n mfcHij-f^^T^ 

So 

[0 0 0 4] t^U^S, ^V^tyF^5i«B n n g* 
J6> lf©LED*3gtLTll/^nSpng^Ta, 

[0005] t z.zx\ frj<>r*v mmmmmt 

lOMeV/cmfcfeO^ mWKQl fctV^SSfi 
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*SftTVS (tf£W5 9-2 7 7 5 4WjtfKBLXf®& 
HS6 1 —3 3 2 0^*) c 

[0006] £fe, (b) s^sK-trvyf* 

*Snt^3 (^BBBB 5 9- 1 3 7 3 9 6 *§&$8) „ ' 

[0007] st, m^^"tymm±^%m 

mc «fc 0 ^SlSfl^fiStT £ 3 C i: fc&fcTCfca 

$g£»3t39^ ^Sffi/f, 1984, pp. 39-4 
3 Stf ft&B¥ 2-2 3 3 5 9 0 „ 
[0 0 0 8] SfcSfe, S/'J nyS«±fc?y-^y K 
0(100)^(111) ©eftffitfEftll/Tfi^Lfc 
^V-V^>Kiil©^!£t)F^2tlTV^ (2nd Inte 
rnational Conference on the Applications of Diamon 
d Films and Related Materials, Ed. M. Yoshikawa, e 
t al., HYU, Tokyo, 1993, pp. 691-696.10 . 

[0009] c<o«fc5fc«&E-^ nmmmm^K^ 
mm? c«t, fnotmj^?) orafstfi&s 

nTfcO, 1- 1 0 2 8 9 3*fft$BfcP^ 

ms (W/Wft^ttyF) mm. Mi s 

(»I/7y F-TteStt^V**:/ F/¥Wf*2V t 
t>F) fclOffiWI^-i'tf-FlfcftoTi^. 

[0 0 10] Sfe, fflf3-l 2 2 0 9 3^ffiC 
ti, ^V-^yFJI^fflU^ SXfcmoftfcBttT 

[0 0 1 1] It, 2 2 3 7 *« 

tfcSfi±£ P SXfi n !©¥*{* *V V* y Kfr 5 * 5 

f&m 7 y F-y*Vi^y F«&tf 

?) tfWSStiTl^*. 

[0012] cm(D%inm3<umM<Dwmz, 

p n S^IMt S n i!¥*ft©ff ft 0 £&JI*KHf 
LTM SfliJiXtiM i S*ig»5cU BffifrSS?* 
P g¥*ttlXfct7yF-:W**yF«fcaAU 

z<Dpmm#mti7yv--?^ j r*y¥m<D^ 

[0 0 13] 

mmt>m®L&o ttmum LfrL%m, m$o 

HO^F^'J^tt 5. 5eVfe 

[0014] HStt^-vtvKo^vKBTttfcoT, 
( a ) mmicnj±mmtim£vAy Fa 
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(b) mmKms.mmnrc^<D^y mx$> 

So H 5 (a) Rlf (b) SCfc^T, OttIE?L£jSU 
•tt*?**UT^*„ 18 5 (a) C*TJ;dt, IfW 

F y*;l/£€3&gtf&6m iS^Sfftf& 

*w-t?-r 3 y\z. ^mFt-mimmmz.m?% 
too, *o«s»*ttfi^o 0 5 (b) icavr 

«fc5K, 2e^lRlt?tt, ->3 7 F*-»S£Fy*;l/L:fc 

r a yt ^^xm^-^m^mLxmrn #-rs 

to®, LOi^Efe, ^OMt*«ffiidT{gC\, 
[0 0 15] £V-^yFOXiM,^-^Vy:/tt5. 
5eV (2 2 5 nmOjftltfflS) ffiOTO© 
*ftfcJfcLT*&T*tVW ^O^y FfltitOT&l 
mx&Z a Sfc, na^ttftOF-lf^WHllfttt 
?«3ttffc*D, ItOLEDO^tpng^T'O^ 
y FH m^-IHLmS^O^m^MSo 

[0016] sfc, fms-etM^nrcMssxttM 
20 i ss«is?m «?oaA^ffi»-e*sfci6, * 

[0 0 17] *»H±*>*>5fB)ljSfca*TftSnfet) 
<OV3br>X, ttfOiiASWfcfiftS 9, « 

L < tiin« # § <: £ tfxz § ?V y Ftf? 

[0 0 18] 

[iis^s^wc&o^g] *anuc«*sio^ 
■Yzyvn^mm, mo^y-^yFi^ con 

1 o^v^ty ¥Mim^nmt^2(D^^ 
30 y Fit, tutsi? i fttfn 2 o^Vt^y FUc**« 

t5^lRtfS2 0Wit, MIBmiO^V-V 
ty FiOfglfitttufB^ 2 o^V-V^y FlogJaJ: t) 
tK<, lulB^lO^V-VtyF»OMI3^lO«ii: 

m 5g®o'>& < i: fe-spofigttti^isfb^nT^s 

[0019] *^fc^§S2 0^V J rtyF«?«? 
tt, Sio^ttyFlt, coiuo^V-^yF 
»tjg^$n^1-§g2 0^V^€yF«^, C(DS 

2 o^v^rty Ymm&-$ftmmmmt, mmm 
40 i o^Vi't y F»&tfi»ie»3ttgffifc*4j£T3!is 

iRtfS2 0*ffii:, MIB^io^V-VtyF 

m<Dmmm%2 o^v-v^y fioskj: o ts 
< , Huiam i owtt> Fiotuia^ i vmtm 
§gffio'>§< fct-a5offi«tizk*{k$nT^5c t 

[0 0 2 0] ^mK&^Xtt, 5|2 0igtMLTl 

i otffitftoftjHffiiSnsns^ i ois 
fr^S i o#y-vty F»*07K*{b$n/'c^«c«i& 
$n§o *UT, co«?f±Slio^^yF«ort 

50 gp-vtffitii^n, SgC583tf5S2 0^^>Kfl'\ 
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mxznzo zit, smo^-wFia^ax 

2 ft fcft? 1 1' 2 © 94 -V £ y F« rt (c^ftf 5 IE?L 
Office £ OBrSOBJfcjWI S>ft3 0 

co o 2 1 ] a*, *«wfc*i/^Ttt, mm i 

i"&yF«ti, 7yF-7?V-V*yFfr?>ft!3, MIH 

3S 2 O^'-f •V'ty KH&jPp yt?> F—tfy ^2 ftfc p m 

^m^j^yvfrttzctrntb^ sic, m 

IBIS 2 0;Wty FlfcfctfStf'ayimifiU;, 1 
x 1 0" cm"' filt-efcSCfctfatUV, COJ:54 

agfctscfcfcktK ^MUfloa^oSfios^ 

Pjt^ft^o 

[0022] wjMsgiso^vtty f*?*? 

tt, HlO^-^eyFlt, COfllO^V-^yF 

«t»a*ft3»e**B2©*-r**yK*fc, cos 

2 o*y ^y F«fcS£*ftfc3§ 3 <D94^y FS 
t , WiaS 1 £ 3 <W * * y FlK^St 58? 

iiofiffiaiulES 3 <n94^y FEog*u o t>a 
< , Mfsn i o^tty Ymmm i g-r 
a«y>ft < t t-a5oig«{i**ffcSftT^a u 

[0 0 2 3] SJglBfCffiSIMO^H'r&J'F*^? 
tt, HlO^i'tyFJIt, COfglO^V^yF 

mcm£r£ft%fttz%2CD9J^ymt, cos 

2 0?y^yFItjg£2ft/cf?3 0:?y-V ; eyF* 
C©!g3 0*y^yF«K}g££ft/c««ttSfi 

t, tuias i o*y^y FS&t/iuiE««ts»c* 
^mt^\Rmz(ommt, **ru mission 
Ymmmmm 3 o*y -\^y Fiojgm 

«fef3tJK<, fuKlllO^y^yFlOfuKillOfl 
gt$T3«y>ft< tt-^OfRJ^t^fb^ftT 

[0 0 2 4] *%WfC*^T{i, £ 1 C^tt^FI 

<o#iR{fc3 ft W? * 5 , at 3 o^V-t 
* y vmiEjimm tm, mt % m 2 o 94 * t 

y FIKlfc^TFJTllO?Wf#5,ft3c 
[0 0 2 5] ftfc, ^fgflJpCfc^TH:, flSIBS 1 O^V 

•^yF»«, 7yF-72V-^eyFfrp>&^ MIB 
if 3 o*V y Fltitfn y F- M y 9Zntc P a 
¥«tfW-^y Ffr?>ft3 c t^as u\, 
[0 0 2 6] £/c, lulES2o^v^yFltc«^ 

[0 0 2 7] MKSfc, MiH*iR{btt, Tkfg^Xvffl 

[0 0 2 8] 

[#»HSfiOMI] »fgHJ!t^^MfBlSl^(»i*t 
^y FffJifr&llMK: J: DS?#a2*£8SKtt 
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mnz> ctii&®-?&z>t)\ c©*?©ttn}tf 4 m v 

/cmO»SI^^ «H£j fct>^§B n «ftO 

£^7yF-:W**vF#rtaKfc£u*cfc*Ji 
t^ift. ftfc, mitznr^^ymtiz, * 

«K rzKlRftSft/'c^tty FiffioiiMW • tt^Wft 
ttJ (NEW DIAMOND H 1 3 # ®3*§> p. 7 (19 9 
7) ) fC^SftS«t5&*** , #A$ftfe^+ ; &yF 
tt*t>t\ f?iJx(lft^M (CVD) KZVmL 

rc^cD9^^y mrnRwmy? xv t $ e> $ ft 

io fc£V^yK*^[cJM£ft§„ coidftzMRftS 
ftfc^+tyFttfcfcffi-fS H^ojiA 

[o o 2 9] wt, mwmmmci%%9'f j rtyv 
mm^ici^T, mmwmmmLxmmmm 
t s. a i wnom i oni^jt^a y f 

[0 0 3 0] S 1 OiWtii^TH, s i o^v-vt 
20 yFll tf§7tT§S2 0^V-V€yFl2 t^g^ 
ftTl^o S20^V J r^yF«2tSio^ 
^y F« l *»tr <fc 5 ic« l o«S 3 tfRttStrt^ 
5 0 ntttc, SlO^V^yFll tS2 0^^€ 
y F» 2 «r«Cy J; 9 fcS 2 Olffi 4 tfRtt 6ftTl^«. 
*bT, » i o^V-vty Fl 1 OH 1 Ol®3 t^T 
5Sffijfifga7K*fk^ft, 7l<*fb?s« i a WM^nt 
a*, Sio^^tyFini, 0!i*tf7>F 

--fVWZV Kfr&HjaStlT*?), 1 2 O^-V^ 

yFl2fca, «^ttny (b) ^F-^y^ft, 
30 S20^V-VtyF«2ti P S^«j*i:^^T^§ I) <: 

s i o^v-v^y fi i mmmftt%%i2 

<d94 -V^&y FH 2 o^ftd; t) feSv^o 
[0 0 3 1 ] CO «fc ? tHlfig^ftfcS 1 o^wjo^V 
•V^&y F«?*?K*^TI4, S 1 ©Wi3£Y-f'tX 
OlJI^EPiDt, S20W4K^9XO«ffi*9]JP"r 

at, m?75^io«i3^?,Sio^V-irtyFli 
7 y Y—~994 -vty F^ B 1 <D?4Vty Fl 

[0 0 3 2] S2 0^V^€yFl2tfc'V^T(i, ^ 

■vt>FH*oae?«^ «ASftfc**fi«! (b) t 

ey^ft/c^a y\cmt%mmfttft> v- F;b 

fi, SlO^-^yF»lfr?>&ASftfcS?i:p! 
+t y F* 2rttc#!S1"i>iE?Lt OSS^t «k t) 3t 

50 [0 0 3 3] ftfc, 7KJSffc£ft/c*y-^y F^eit? 
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[0 0 3 4] ftfe, ^f5^2(D^^yFl2t 

is 2 ©«i 4 i: ©pit mmmmmtfz, c 1 1 ri^t* 
[oo3 5] ^k, ±a©«k5ftw*ttSfitfisw-5n 

fc 2V -V * > F*?JS?£»r S KO^TlHffit 
§o!2 «*&iB©&8Stf!lfc«S *V ^y Fit?*? 

[0 0 3 6] 5W\ fi2©fi^2 0mniT:\ j®2J©g 
Stfl 0mm«MOpIS i fgffiftSii Oft 
ttSfi) 5© (10 0) ffit, £$Bf©#V^yF© 

[0 0 3 7] #^T% «*tfCHi^ : 0. 6ft« 

%, 7k* jt, : 9 9. 4&m%mmmx 1 busb f 

X : 0. 3ftH%, : 9 9. 7 ftH%©flBfL 

©B/CJttt6 6 6 7lS : f ppmT*3. Sfc, £©Bf 

©sfiuati, $r«'8oo°c UTsE-tM, mas 

OTorrTM. CjWCfc!), ffltt%%2<0?'( J t 
*V Fl 2 tfgffi 5 ±K»l««ft*o 
[0 0 3 8] ^©f£, W*tf C H< #X : 0. 3f*l 
96, KSlStf* : 0. 1 5{«t%, **#X*iMR©£H5t 
*t i ftm% 1 F« 1 *.m<n9Wtv 

Fl2±E»lT3o CH« #*&#»*#*© 

WA££±Uk*#*©#fcffiLSEttT77Xv^;& 30 
ft a C fc * 0 , IS 1 © £V ^ y Fi 1 ©OT£#fc 

**fl:1WW i a *#JJW*. ft*, $ l <D^^y F 

1 1 ©JffSBf©S8ifi£«:, $Jx.tf'8 0 0°C, jtfXEtl 
tt, 0I*.tf5OTa r 

[0 0 3 9] 7* HJ vyv7-rt«kt), 7kH 

{k«nfc7^ F-7©fi? i ©*y t^y fi i ±(cj?$ 
*\ mm 2 o o a ©&!©$ i ©m 3 mmt 

[0 0 4 0]^, ffigKS i S«5©llE(cfg^-X 
F*£fflLT««*SffifcLT®9ttttfc. C©J§1=f 40 

K, §»^§*I£jgitMfcU £«©?gr©« 
SfcfEfcfflflnLT, ff<^&«f (Si©*® *85§ 
LT<5fg^»Jtfcti:?», H7^C 4 2V©HE 
*M0t 5mA©m)7lt^t/cB#}C, 2 4 5 nm©j£fi 

ttsa©*^E 5 $ieftf8ft;w 
mi atLtc&mmK&nnEmmzmzv 

[0 0 4 1] llT\ iltlK»LT7yF-7©^t 50 



ftx^* h;l/©iJ£ISJ!!E^T!ftHJ!-f§o 
[0 0 4 2] ft? , -20l?^4mmClM«« 
I I aHJWSJI^^^FaSO (10 0) ffi±t, 

0. 3ft«%, 7kfS#X : 9 9. 7ftH%©HBfW? 

I lRtl3 0#BF-7^^yFSII£x£*^y 
+ ;l/$g£-frfc 0 C©ii#©#7*©B/CitB6 6 6 7 

p p mt'S o , s«g« 8 7 5 °c, $zj±m 5 

OTo r rfcLfco 

[0 0 4 3] ^©fg, affifiSggffifc J: t) 7 y F-7£' 
0. 3#S!%, : 0. 1 5ftfft%, 7k»*"Xt 

mtLTc 0 tfc, «mt«iis«8oo°c, #xj± 

7jtt50Torr, j£!B» 1 l$Hfc L/c 0 
[0 0 4 4] 3fcv>T», *aA«fttf£*ac}*ti:«k-3T7 
y F-7^^t> FiSS©^Wir^Sfs-r5 c t 
C«kt), 7yF-7^^^yFl©«ffit#at57k 

[00 4 5] ^t, 7*bUvyv7-ftJ;iJ, 7>F 
-?#4*t^y KIRtf B F-y^V-V^y Fl ±fc£ 

feo ^tT, CO^*-FtKeiR|lC3 6VO«E* 

lliJ?n^o/c 0 f/c, II^irik i oov©7^;i/Xl 

[0 0 4 6] CO«J:?C, 7>F-7^ J r ; ey Fig 

t y f ^ffiffl l x t> fi»ftssg^«fig«-eo^fi* WJf 

[ 0 0 4 7 ] -73, tu^©S 1 ©^l^J©.i o 7 > 

mm t t t, , s#ft*fl»f^*ti»rf set ^-e 

[0 0 4 8] ^(C, *^©S2©^»CO^TlKHJ! 

T§o S2©^SSWcfc^T(i, a3tt*S2<0^-V 
Fit® 2 ©Hffit ©H }C® 3 > Kl*^ 

mttvz^z* m 4 «*^©s 2 mmmicm 9 
^^yvrnm^mmmx^o H4K 

t^T H 2 ©^»!|tfe^T, H 1 KmtW 1 ©^»Ji: 

[0 0 4 9] ^2«tli, Ht 1 £T§®2©^^ 
t> Fl 2 tS 2 ©«ffi 4 fcOlHKS 3 ©^-Vt y F 
1 6 Jg^StlTVSo $ 3 ©^V •Vt y Fl 6 KB, 
B F- 1° y ?S ftTte t> , ^ 1 © ^-Y t y F 

I I & *) mmm&^ pmm# tr^xh^ 0 



[0050] z<D&oimi&zftrc%2mnmct3^ 
m 1 m^^yvm 1 icm^nm 
mm i a mmm tn*>, mm® 3 

[0051] ftfe, ajtikftsffizo^-vtyH* 

[0 0 5 2] Sfc, £ 1 0*l«Uc*ttS563ttt*»2 1 

©^v-vty f« 2 stfn 2 to^mmmzia 3 

-f -V t y Kit ti , SSfiT B K - fc! y ?S ft TV 5 
Cfctfj?S:U\, f^Cfyffi§!2MI3cD*" 
^^FWOBj^rlfitf 1 x 1 0 20 cm" 3 W±T 

*ftn mmmm*mmM?*m<n>wtim 

[0 0 5 3] 

% 1 ^ > KflOrtJRftSftfcffitffrSOfffiR 

t*^Tfe«<oT> MifflftMi£2ftTt,^* 
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[B 1 ] #f89§©31 1 ©**«Hc*S#>f FtfF 
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